Punching strength is a critical point in the design of flat slabs and due to the lack of a theoretical method capable of explaining this phenomenon, empirical formulations presented by codes of practice are still the most used method to check the bearing capacity of slab-column connections. This paper discusses relevant aspects of the development of flat slabs, the factors that influence the punching resistance of slabs without shear reinforcement and makes comparisons between the experimental results organized in a database with 74 slabs carefully selected with theoretical results using the recommendations of ACI 318, EUROCODE 2 and NBR 6118 and also through the Critical Shear Crack Theory, presented by Muttoni (2008) and incorporated the new fib Model Code (2010).
Introduction
Flat slabs are those which are directly supported on columns without capitals. They can be considered as a good option for concrete buildings since they may reduce the construction time due to the simplification of forms and rebars and especially by attributing greater flexibility in layout of floors. The design of slab-column connection is the most critical point in the design of flat slabs, because of the concentration of shear stresses in this region that can lead to punching, which is a localized failure mode that can occur without significant warnings and may lead the whole structure to ruin through the progressive collapse. Figure 1a shows an example of punching failure recorded by Ferreira [1] . One way to ensure local ductility and prevent progressive collapse of flat slabs is through the use of post-punching reinforcement as those shown in Figure  1b , which must be designed to carry the vertical reaction in the column, and must be detailed in order to ensure that they are sufficiently anchored beyond the region of the possible punching cone. Since tests carried by Elstner and Hognestad [2] many other studies have been conducted aiming to understand the behavior and strength of flat slabs. Some theoretical methods were proposed but none was generally accepted because they were not able to accurately estimate the punching resistance of slab-column connections and at the same time explains the phenomenon with all its variables. Thus, the design of flat slabs to the punching is normally done using recommendations presented by codes of practice for design of concrete structures, which are essentially empirical. Recently Muttoni [3] presented a new theoretical approach called Critical Shear Crack Theory (CSCT), which is able not only of predicting the bearing capacity of slab-column connection, but also of estimating their behavior in service (rotation, displacements and strains). This theory is based on the idea that the punching resistance decreases with increasing rotation of the slab, and has recently been embodied in the first draft of the new fib Model Code [4, 5] , which was presented in 2010, and has come to replace the old CEB-FIP MC90 [6] . This paper aims to evaluate this method by comparing its theoretical results with experimental results of tests of 74 reinforced concrete flat slabs without shear reinforcement carefully selected (see section 6 of article) to form a large database, with specimens with a significant variation of parameters such as the effective depth, flexural reinforcement ratio and compressive strength of concrete. These experimental results were also compared with the theoretical results obtained by using the recommendations of ACI 318 [7] , EUROCODE 2 [8] and NBR 6118 [9] .
Historical development of flat slabs
There is controversy about who idealized the flat slabs structural system. Gasparini [10] states that the credit for the development of this system should be given to George M. Hill, an engineer who reportedly designed and built constructions like filtration plants and storehouses in different regions of the United States between 1899 and 1901. He emphasizes, however, that C A. P. Turner, an American inventor and engineer, was the one responsible for demonstrating that these slabs were reliable with numerous buildings constructed, the first being Johnson-Bovey building in the city of Minneapolis in 1906. Turner's "mushroom" slab were characterized by the presence of capitals in the slab-column connection and also by the use a cage comprising bars of 32 mm diameter, working as shearheads. Furst and Marti [11] attributed the invention of this system to the Swiss engineer Robert Maillart, most famous for his works with bridges than the development of such structural system. According to these researchers, Maillart would have designed the system in 1900, but had only completed his tests in 1908, coming to get the patent of the system in 1909. Kierdorf [12] points out that while the system was developed independently in the United States and Switzerland, with the prohibition of the use of reinforced concrete in Russia in 1905, the engineer Arthur F. Loleit designed and implemented a factory nearby at the Moscow in 1907 in flat slabs, have been the first of several buildings in slabs without beams made by him in Russia. The author further comments that if his presentations of "beamless" construction at the regular meeting of cement specialists in Moscow (1912) and to the Russian Society for Materials Research (1913) had been documented, and also if WWI (1914 WWI ( -1918 had not happened, Loleit would certainly have presented his work to a broader public. Some details on the development of flat slabs can be seen in Figure 2 . Punching strength of reinforced concrete flat slabs without shear reinforcement formation of bending and shear cracks to divide the slab into segments, and, assuming that the region external to the punching cone presented rigid body rotations around a point away by a distance x (height of the slab's neutral axis) either vertically and horizontally in relation to the column faces, it related the ultimate punching strength with the compressive strength of an imaginary shell confined between the column and the critical shear crack. This method was a relevant original contribution, being the first rational theory presented, but at the time his equations were considered complex and the accuracy observed for the theoretical results did not justify its use over the existing empirical methods. One year after this publication, Moe [15] published a report of a large series of tests analyzing several variables, including the cases of unbalanced moments in slab-column connections, and his work remains the basis for the recommendations of ACI 318 [7] . After that, many works have been conducted and many contributions were made to the better understand of the punching shear phenomenon and also for the definition of the influence of the involved parameters in the ultimate strength of the slabs, as will be shown below.
Factors that influence in the punching resistance
Results of several tests indicate that the punching resistance of reinforced concrete flat slabs without shear reinforcement is mainly influenced by the compressive strength of concrete (f c ), the tensile flexural reinforcement ratio (ρ), the size and geometry of the column and also the size effect (ξ) which is a coefficient that takes into account the reduction of the nominal shear strength of the slab by increasing the effective depth (d). The influence of each of these parameters is discussed below based on relevant test results.
Strength of Concrete
The shear failure of a concrete element without shear reinforcement is governed, among other factors, by the tensile strength of concrete. Establishing the compressive strength of concrete is the initial step in the design process of a concrete structure and also normative formulations tend to relate the tensile strength of concrete as a
Many obstacles had to be translated until the flat slabs could be used safely and economically. Initially there was strong discussion about the theoretical methods for the determination of the forces on a system without beams and these slabs were used in manner practically empirical, observing significant variations in the amount and arrangement of the flexural reinforcement between the competing systems. Furst and Marti [11] highlight that the first well founded theory for calculation of forces on floors without beams was published only in 1921, with the work of Westergaard and Slater, whom by using the method of finite differences were able to treat different load cases, the influence of the stiffness of the columns and capitals. It was also necessary to establish rules to normalize the use of flat slabs, which became increasingly popular. That was possible only in 1925 with the publication of American code (ACI) for the design of reinforced concrete structures, which was the first to present recommendations for flat slabs. These first recommendations were based on experimental tests carried out in the USA like those from Talbot [13] , who tested footings in University of Illinois, as shown in Figure 3 . However the footings tested by Talbot [13] were very thick compared to the mushroom slabs at that time, and therefore, these results were not adequate in terms of the punching strength. Trying to fill this and other gaps, Elstner and Hognestad [2] tested 39 slabs, aiming to evaluate the influence of important variables such as the flexural reinforcement ratio, concrete strength, amount of compression reinforcement, support conditions, size of columns and amount and distribution of shear reinforcement in the punching strength of flat slabs. They concluded that practically all of these factors have strong influence on the shear strength of flat slabs, except for the increase in the compression reinforcement ratio, which was considered by them as having a small influence on the ultimate strength of tested slabs. Subsequently were published two of the most important papers on punching. Kinnunen and Nylander [14] presented a mechanical model that sought to explain the punching failure mechanism and predict the strength of slab-column connections. This model was based on experimental observations obtained after performing an extensive experimental program. The model was based on the function of its compressive strength. These are the reasons why it is common to observe that experimental researches correlate the shear strength to the compressive strength of concrete. Graf [16] was among the first to try to assess the influence of concrete strength in the punching resistance, concluding that there was not a linear relationship between the increases of the strength of a slab-column connection with the increase of concrete strength. Moe [15] proposed that the punching resistance could be expressed with a function proportional to the square root of the compressive strength of concrete, proposition until today used by the ACI. However, the results of recent research, such as Hallgren [17] , which analyzed concrete slabs with high strength concrete, indicate that in these cases, relating the punching resistance with a function proportional to the square root of the compressive strength of concrete tends to overestimate its influence. For this reason ACI limits the use its expression for concrete with strengths up to 69 MPa or 10.000 psi. Marzouk and Hussein [18] analyzed slabs with high strength concrete varying the effective depth of the slab and also the flexural reinforcement ratio, concluding that a function proportional to the cube root of the concrete strength better represents the trend of the experimental results, what is also recommended by Hawkins et al. [19] and Regan [20] . Figure 4 shows a graph made in order to evaluate the influence of the concrete strength in the punching resistance of flat slabs. It was compared the trend obtained by using a function proportional to the cube root of the compressive strength of concrete (as proposed by the equations of Eurocode 2) with experimental results from the database, observing a good correlation between the experimental results and the function evaluated.
Flexural Reinforcement Ratio
The flexural reinforcement ratio (ρ) is defined as the ratio between the area of tensile flexural reinforcement (As) and the area of concrete (Ac), which is given by the product of the effective depth of the slab (d) by a certain width to be considered. In practical cases it is reasonable to consider that only a certain number of bars close to the column area will effectively contribute to the punching resistance. Considering results of experimental tests, Regan [20] recommends that the effective width to be considered in which the flexural reinforcement will contribute to the punching resistance should be taken as 3d away from the faces of the column. The flexural reinforcement ratio influences the punching resistance, especially in cases of slabs without shear reinforcement.
Regan [21] explains that increasing the flexural reinforcement ratio raises the compression zone, reducing cracking in the slab--column connection due to bending, which is beneficial since it facilitates the formation of mechanisms for transmitting shear forces. Furthermore, the thickness of the bending cracks is reduced, which facilitates the transfer of forces through the interlock of aggregates, what may also increase the dowel effect. Kinnunen and Nylander [14] , testing slabs with a thickness of 150 mm, when varied the flexural reinforcement ratio from 0.8% to 2.1% observed that the punching strength increased about 95%. Marzouk and Hussein [18] , also tests slabs with a thickness of 150 mm, observed that the punching strength increased around 63% when the flexural reinforcement ratio was raised from 0.6% to 2.4%. Long [22] used results of several authors to conclude that the punching resistance was influenced by the flexural reinforcement ratio with a function proportional to the fourth root. Moreover, Regan and Braestrup [23] and Sherif and Dilger [24] suggest that the punching resistance is influenced by a function proportional to the cube root of the tensile flexural reinforcement ratio. Figure 5 uses results of the experimental database to evaluate the contribution of the flexural reinforcement ratio of slabs in its punching resistance.
Geometry and Dimensions of Columns
The geometry and dimensions of the column also affects the punching resistance of slabs because they influence the distribution of stresses in the slab-column connection. Vanderbilt [25] tested slabs supported on circular and square columns and monitored Punching strength of reinforced concrete flat slabs without shear reinforcement the region of the slab at the ends of the columns, and was among the first to check the stress concentration at the corners of square columns. The author concluded that the stress concentration could justify the fact that slabs supported on square columns presented lower resistance than those supported on circular columns, in which he observed a uniform distribution of stresses.
In rectangular columns, which are the most commonly used in buildings, the concentration of stresses in the corners may be even greater. Hawkins et al. [26] varied the ratio between the largest and the smallest sides of the column (c max /c min ) from 2.0 to 4.3 and observed that for ratios greater than two the nominal shear strength decreases with increasing ratios between the column sides. This research conducted by Hawkins is the basis of the recommendations of ACI for the consideration of the rectangularity index of columns (μ), which can reduce by more than a half the nominal shear strength around rectangular columns. OLIVEIRA et al. [27] , analyzing slabs tested by Forssel and Holmberg supported on a rectangular column with sides of 300 x 25 mm (c max / c min = 12) observed that the punching resistance can be well estimated using the recommendations of CEB-FIP MC90 [6], which does not take into account the relationship c max /c min . OLIVEIRA et al. [27] believe that this can be explained by the relationship c max /d that for this specific slab is around 2.88·d, value that may be considered small compared to the usual cases. After conducting an experimental program with 16 slabs, Oliveira et al. [27] concluded that the relationship c max /d may be a better parameter than the relationship c max /c min for determining the punching strength of slabs supported on rectangular columns and proposed a correction factor λ to refine the recommendations for codes such as ACI 318 [7 ] and CEB-FIP MC90 [6].
Size-Effect
It is common to use scale factors in the definition of the dimension of specimens used for experimental tests of concrete elements. This is done in order to save material resources but mainly because testing full-scale structural elements can be a difficulty in most laboratories. For this reason, many of the tests carried out on flat slabs have been made on specimens with reduced dimensions. Muttoni [3] states that when the current formulation for estimating the punching resistance of slabs presented by ACI was originally developed in the 1960's, only tests in relatively small thickness slabs were available and therefore, the influence of the size effect was not apparent. But as the punching expressions are also normally used for the verification of both thick slabs and footings, testing in experimental models thicker have been carried out and this effect became evident. The first ones that observed that the nominal shear strength could vary in non-proportional way with the thickness of the slabs were Graf [28] and Richart [29] . At the time these authors have proposed formulas to describe this effect, but they are no longer used. Subsequently, various expressions have been proposed. Regan and Braestrup [23] and Broms [30] suggest that the reduction of the nominal shear strength with increasing thickness of the element (size effect) can be estimated by (1/d) , however, Eurocode limits results of this expression to the maximum of 2.0. The effect of this limitation is to reduce the increase in estimates of punching resistance of flat slabs with effective depth less than 200 mm by limiting the value of ξ. It is noteworthy that a solid experimental basis to justify this limitation is not evident and thus a series of tests seeking to evaluate the recommendation of Eurocode could be of interest. Some experimental results that can aid understanding of the variation of the nominal shear strength as a function of effective depth of the slab come from tests made by Li [31] and Birkle [32] . Li [31] varied the effective depth of his slabs from 100 mm to 500 mm. In slabs with effective depth of 100 mm, 150 mm and 200 mm the flexural reinforcement ratio used was 0.98%, 0.90% and 0.83% respectively. For slabs with effective depth of 300 mm, 400 mm and 500 mm was [32] studied the influence of the thickness for slabs with shear reinforcement, but in the analysis presented in Figure 6 are going to be considered only results of slabs without shear reinforcement, which had effective depth of 124 mm, 190 mm and 260 mm. The flexural reinforcement ratio of these slabs was 1.52%, 1.35% and 1.10% respectively. Figure  6 shows the variation of the nominal shear strength for each code as a function of the effective depth of the slabs. Is possible to notice that by using the equations of Eurocode, in both researches there was an approximately linear reduction in the shear nominal stress, regardless of the effective depth of the slab, indicating that there is no justification for limiting the ξ as mentioned above. However, using the equations of ACI, is possible to see a change in the behavior of slabs tested by Li with effective depth exceeding 200 mm.
Recommendations from codes of practice

ACI 318
According to ACI 318 [7] the punching resistance of reinforced concrete flat slabs without shear reinforcement should be verified by checking the shear stresses in a control perimeter d/2 away from the column faces or the ends of the loaded area, as shown in Figure 7a. The punching strength can be computed using Equation 1.
(1) 
NBR 6118
Recommendations presented by NBR 6118 [9] are based on those from CEB-FIPMC90 [6]. The Brazilian code recommends that the punching strength of slabs without shear reinforcement should be checked in both: a control perimeter u 0 using Equation 2 to verify the maximum strength of the slab-column connection; and in a control perimeter u1 using Equation 3 to verify the diagonal tensile strength of the slab-column connection. Figure 7b presents details on the control perimeters of this code.
(2)
where:
( ) 
where: ρ is the flexural reinforcement ratio expressed by Punching strength of reinforced concrete flat slabs without shear reinforcement
EUROCODE 2
EUROCODE 2 [8] also bases its recommendations to estimate the punching resistance of flat slabs in the recommendations of MC90. Thus, it recommendations are similar to the ones from NBR 6118. However, this code limits the value of the size effect on ξ ≤ 2.0 and also of the flexural reinforcement ratio ρ ≤ 2%, possibly trying to reduce the trends of unsafe results. Thus, punching strength is taken as the lowest value provided by Equations 4 and 5. Figure 7b shows the control perimeters of this code. 
Critical Shear Crack Theory (CSCT)
The theory presented by Muttoni [3] is based on the idea that the punching resistance decreases with increasing rotation of the slab. This was explained by Muttoni and Schwartz [33] who observed that the shear strength decreases with the formation of a critical shear crack that propagates along the slab thickness, cutting the compression strut responsible for transmitting shear forces to the column in a mechanism as shown in Figure 8 . The authors use some experimental evidences to justify this ideali- zation of the behavior of the slab-column connection. They argue that, as shown in several experimental punching tests, the curvature in the radial direction is concentrated in the region close to the support, so that concentric cracks in the form of rings are only observed in this region. In the rest of the slab only radial cracks are observed (see Figure 9a ). Since shear is not transferred in the tangential direction, the stress state is not affected by such cracks. In the region of the tangential cracks, part of the shear may be resisted by aggregate interlock on the surface of cracks and another part may be supported by dowel effect of the flexural reinforcement. As the tensile strength of concrete in the tensile diagonal is reached the tangential cracks (originally caused by bending of the slab) start to spread towards the column. Also according to reports from several authors, including Ferreira [1], compressive strains in the radial direction nearby the ends of the column, after reaching a certain maximum value at a certain load level, start to decrease. Just before the punching failure it is possible to observe tensile strains in this area. This phenomenon can be explained by the formation of an elbow shaped strut (see Figure 9b ) with a horizontal tensile member as a result of the advance of the critical shear crack, cutting the compression zone. The opening of this crack reduces the resistance of the compression strut because it affects the capacity of transferring shear forces by interlock aggregate and can eventually lead to a punching failure. Also according Muttoni and Schwartz [33] the thickness of this crack is proportional to the product ψ•d (see Figure 8) . However, the transmission of shear in the critical crack is directly linked to its roughness, which in turn is a function of maximum aggregate size. Based on these concepts Muttoni [3] shows that the shear strength provided by the concrete can be estimated according to Equation 6.
(6)
where: u 1 is the length of a control perimeter d/2 away from the faces of the column (see Figure 7c) ; f c is the compressive strength of concrete; ψ is the rotation of the slab; d g0 is a reference diameter of the aggregate admitted as 16 mm; d g is the maximum diameter of the aggregate used in the concrete of the slab. The rotation ψ of the slab is expressed by the Equation 7.
(7)
where: r s is the distance between the axis of the column and the line of contraflexure of moments; r q is the distance between the axis of the column and the load line; r c is the radius of the circular column or the equivalent radius of a rectangular column; f ys is the yield stress of the tensile flexural reinforcement; E s is the modulus of elasticity of the tensile flexural reinforcement; V E is the applied force; With V E , ψ and V R,c is possible to draw a graph with two curves. The first is a curve that expresses the theoretical load-rotation behavior of the slab. The second curve expresses the strength reduction of the slab due to the increase of rotation. The point of intersection of these two curves express the punching strength of a slab-column connection. Figure 10 illustrates this graph.
Evaluation of theoretical methods
Aiming to evaluate the accuracy of the theoretical methods presented in the previous sections, results of tests on 74 flat slabs were taken together in a database. The main criterias for the formation of this database were the level of reliability of the results, trying to select results with great acceptance within the scientific community, and the range of the database related to the parameters that influence the punching resistance of flat slabs without shear reinforcement. [17] . Table 1 shows the characteristics of the slabs of the database. It should be emphasized that slabs in this database partially attend the limits of design codes. For example, NBR 6118 states that the smallest thickness for a flat slab must be 160 mm, which does not occur in all the slabs in the database. However, it is considered that scientifically it is important not to stick to these limits, since the interest is to understand the phenomenon as a whole and not just for the most common design situations. Kinunnem and Nylander [14] Moe [15] Regan [20] Some criteria were established in order to evaluate results obtained with the theoretical methods used in comparison with the experimental results. In general, it is expected that theoretical methods meet two basic principles: safety and precision. Primarily, it is desirable that, within a representative range of the design variables of flat slabs or slabs with the loads applied in small areas, the methods are able to provide safety results, with a minimum of fragile results (unsafe). In this regard, it was established that no more than 5% of unsafe results would be ideal. The accuracy of obtained results was evaluated according to the average of the ratio P u /V calc , were P u is the experimental failure load and V calc is the theoretical resistance estimated by each method. For the average, it was established that: the method presents a high level of precision if 1.0 ≤ P u /V calc <1.10; for to values of 1.10 ≤ P u /V calc ≤ 1.30 the method has a satisfactory level of precision; and for P u /V calc > 1.30 the method is conservative. The coefficient of variation (COV) was also used to evaluate the precision of the methods, but without establishing ranges for the ideal values of the coefficient of variation, with these results used only in a qualitative way. Marzouk and Hussein [18] Hallgren [17] Tomaszewicz [34] Punching strength of reinforced concrete flat slabs without shear reinforcement the results are against safety. One of these results, represented by point without filling in the graphs, is below of the design strength estimated by ACI. It refers to slab HSC 9 from Hallgren [17] , in which a small flexural reinforcement ratio was used (0.3%) and, although not specified by the author, is possibly a slab that failed by flexural. Figure 12 and Figure 13 show comparisons of experimental results with those obtained using recommendations of NBR 6118 and Eurocode 2, respectively. It is possible to perceive that Eurocode, which presents recommendations similar to NB1, but with limitations on the value of size effect (ξ ≤ 2.0) and of the flexural reinforcement ratio (ρ ≤ 2%) shows about 11% of unsafe results, but no results below the line of the design strength. However, NB1 presents average nominal strength close to the experimental results, with no results below the design strength, but is far from meeting the limit of only 5% of unsafe results. In Figure 14 are shown comparisons with results obtained according to CSCT. It may be noted that 11% of results are below the nominal strength, but no result is below the design strength. Figure 15 shows graphs with the tendency of the results of codes and CSCT compared with experimental results of 74 slabs from the database. It can be seen that the dispersion of these results, when using the recommendations of NBR 6118, is very small. Table 2 summarizes comparisons between the experimental and theoretical results. It is possible to perceive that the recommendations of ACI are conservative and show a high coefficient of variation if compared to the other methods due to the fact that the only parameter used to estimate the punching strength of flat slabs is the compression strength of concrete. However, this code presented only 5% of unsafe results, which is suitable for a code of practice. Both Eurocode and CSCT showed satisfactory accuracy with CSCT presenting results slightly more accurate. By correlating the punching resistance with the flexural behavior, CSCT was more sensitive to variables, presenting a lower coefficient of variation.
Results from the Brazilian code indicate that its recommendations must be reviewed. At the same time that it showed the smallest average (1.01) and lower coefficient of variation (0.11), the Brazilian code presented about 47% of results below the nominal strength, indicating that its equations need some adjustment. Many proposals could be, but undoubtedly the one that requires lowest level of changes and that could eliminate this Punching strength of reinforced concrete flat slabs without shear reinforcement trend of unsafe results would be modifying the coefficient 0.18 in Equation 3 to 0.16. This small change would increase the average to 1.14, same value as CSCT, it wouldn't change the coefficient of variation, and what is really important, could reduce the percentage of unsafe results from 47.3% to 9.5%, leaving the results of this code similar to the CSCT.
Conclusions
Several aspects of the development of flat slabs and of the parameters that influence their punching resistance were discussed in this paper. It was observed that, generally, ACI's recommendations are meant to be safe, but underestimate the punching strength of flat slabs in about 37% for those in the database. This code also presented a high coefficient of variation (0.16) for this which is the simplest case the design of a slab--column connection. EC2 presented satisfactory and safety results, being registered average results for the ratio P u /V calc of 1.19. This code also presented a coefficient of variation of 0.14, below of the American code due to the fact that it takes into account the influence of parameters such as the flexural reinforcement ratio and size effect, while that the American code considers only the compressive strength of concrete. The Critical Shear Crack Theory has been widely discussed by the scientific community and some critics are noteworthy. The main one, as pointed out by Ferreira [1], is that according to a scientific point of view, taking as a fundamental hypothesis that the failure mechanism by punching occurs with only rigid body rotations of the segment of slab outside the punching cone (delimited by critical crack) contradicts experimental evidence (in the region of failure occurs rotation and sliding) and can lead to inappropriate results, especially in the case of slabs with shear reinforcement (estimating higher forces in the outer perimeters, which in practice is not observed). From technical point of view, is a significantly more complex method for routine use in design offices and, as noted, presents results similar to those from Eurocode. It is noteworthy that in this paper it was used CSCT in its most accurate version and if it had been used the version adopted in the new fib code, results would be practically as conservative as those from ACI (see Ferreira [1] ). The Brazilian code presented average results near to the experimental ones (average 1.01). By not limiting parameters such as flexural reinforcement ratio and size effect, how does Eurocode, NBR 6118 presented a coefficient of variation of 0.11, lower than other codes. However, for 47% of slabs the punching strength estimated according to these equations were unsafe. This indicates that it is extremely necessary to review its recommendations in order to avoid this inadequate trend. It was showed also that a simple change in the equation of this code could change this trend of unsafe results, raising the average to 1.14, equal to of the CSCT, but reducing the percentage of unsafe results to only 9.5%.
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